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(54) Disk bonding method and system 

(57) A disk bonding system or method comprises a 
first element (N1 ) for forming an annular adhesive layer 
(35) on an upwardly facing joint surface of a lower side 
disk (DL), and a second element (N2) for forming a dot- 
ted adhesive layer (33) on a downwardly facing joint sur- 
face of an upper side disk (DU). Then, a third element 
sets the upper and lower side disks in a confronting 
state, and reduces the spacing between the upper and 



lower side disks until the annular adhesive layer and the 
dotted adhesive layer are sandwiched between the 
upper and lower side disks. During this, the annular 
adhesive layer and the dotted adhesive layer are 
brought into contact with each other, and the contact 
region expands in a manner to prevent occurrence of 
bubbles. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to technique of 
fabricating disks such as optical disks, and more specif- 
ically to technique for bonding a plurality of disk together 
into multi-layer disks. 

SUMMARY OF THE INVENTION 

[0002] It is an object of the present invention to pro- 
vide disk bonding method and system advantageous for 
excluding air bubbles from adhesive layers. 
[0003] Figs. 11-14 show a disk bonding system of 
related art. In an optical disk fabricating system 50 
shown in Fig. 11, lower disks DL are placed one by one 
on a first turntable 51 at a position Ql by a lower disk 
supplying section (not shown). At the position Q1, a 
lower disk DL is in a state in which its joint surface faces 
upwards. The lower disk is then conveyed by the turnta- 
ble from the position Q1 through a position Q2 to a posi- 
tion Q3. At the position 02, a nozzle N3 discharges 
adhesive so as to form an annular adhesive layer on the 
upwardly facing joint surface of the lower disk DL. 
[0004] Upper disks DU are placed one by one on a 
second turntable 52 at a position Q4 in a state having a 
joint surface facing upwards by a second disk supplying 
mechanism (not shown), and conveyed through a posi- 
tion Q5 to a position 06 by the turntable 52. At the posi- 
tion Q5, a nozzle N4 discharges the adhesive so as to 
form an annular adhesive layer on the upwardly facing 
joint surface of the upper disk DU. An inverting arm 
mechanism 53 picks up the upper disk DU from the 
position Q6 and places the upper disk DU at a position 
Q7 in an inverted state with the joint surface facing 
downwards. 

[0005] A transfer arm 54 transfers the lower disk DL 
from the position Q3 to a spinner SP1 at a position Q8. 
Then, a transfer arm 55 transfers the upper disk DU 
from the position Q7 to the spinner SP1 and places the 
upper disk DU on the lower disk DL. 
[0006] In the spinner SP1. the upper and lower disks 
in the overlapped state are spun to spread the adhesive 
by the centrifugal force between the upper and lower 
disks. By this spin coating operation, the upper and 
lower disks are brought into a laminated disk DD with a 
uniform thin adhesive layer tightly sandwiched between 
the upper and lower disks. The laminated disk DD is not 
readily separable. 

[0007] Thereafter, a transfer arm 56 transfers the lam- 
inated disk DD from the spinner SP1 onto a turntable 57 
at a position Q9, and the turntable 57 conveys the lami- 
nated disk DD from the position Q9 through a position 
Q10 to a position Q11. At the position Q10, an ultravio- 
let irradiating apparatus 58 irradiates ultraviolet rays to 
the laminate disk DD, and cures the intervening adhe- 
sive layer to complete a bonded disk DB. The turntable 



57 is covered with a shield cover 59. Thus-completed 
bonded disks DB are discharged or unloaded one by 
one from the position Q1 1 by an unloading mechanism 
(not shown). 

5 [0008] Fig. 12 illustrates an overlapping operation for 
placing the upper disk DU held by the transfer arm 55, 
on the lower disk DL resting on the spinner SP1. Annu- 
lar adhesive layers 60 and 61 are brought into contact 
with each other. 

io [0009] However, the disk bonding system of the 
related art is unable to prevent bubbles completely. 
[0010] First, the annular adhesive layers 60 and 61 
are microscopically irregular in shape. Therefore, con- 
tact regions or contact interface between the two adhe- 

15 sive layers 60 and 61 are distributed and spread 
irregularly, so that a considerable possibility arises that 
air is involved and bubbles are formed in the adhesive 
layers. 

[001 1] Second, the annular adhesive layers 60 and 61 

20 are brought into contact with each other in substantially 
flat top regions. The substantially flat surfaces tend to 
trap air and form bubbles when the confronting flat sur- 
faces come into contact with each other. 
[001 2] According to the knowledge the inventors of the 

25 present application have acquired, bubbles formed at 
the instant of constant between the adhesive layers are 
mostly minute in the range of 0.05 mm to 0.1 mm in 
diameter. The wettable surfaces of the adhesive layers 
function as the cause, presumably. Minute bubbles are 

30 troublesome because of the difficulty to expel minute 
bubbles in the spin coating operation. 
[001 3] Figs. 1 3A and 1 3B illustrate forces acting on a 
large air bubble 63 in the spin coating operation while 
Fig. 14 illustrates forces acting on a small bubble 65. 

35 [0014] In Figs. 13A and 13B, a centrifugal force is 
directed in the rightward direction due to the rotation. As 
shown in Fig. 13 A, the large air bubble 63 exists in a liq- 
uid adhesive layer 62. The large air bubble 63 receives 
a centrifugal force f whereas a centrifugal force F acts 

40 on a fictitious liquid ball 64 assumed to have the same 
size and the same position. The large bubble 63 and the 
imaginary liquid ball 64 should coincide with each other 
although Fig. 13A shows as if they were at two separate 
positions, to avoid confusion. 

45 [001 5] Fig. 1 3B shows a relation among forces acting 
on the large bubble 63 when the liquid adhesive flows by 
the centrifugal force. In this field of flow, the large bubble 
63 receives a force having a magnitude of F-f and a 
direction opposite to the centrifugal direction as the 

so result of the centrifugal forces. A centrifugal force acting 
on a rotating object is proportional to the mass of the 
object, and the mass of air is smaller than the mass of 
the liquid adhesive of an equal volume. Therefore, the 
air bubble 63 receives a centrifugal force of a smaller 

55 magnitude than the surroundings. Namely, the air bub- 
ble 63 has an inherent tendency to lag behind the liquid 

J adhesive flowing due to the centrifugal force. 

[0016] The air bubble 63 further receives a friction 
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force R caused by the viscosity of the liquid adhesive. 
The frictiona! force R acts in the centrifugal direction as 
shown in Fig. 13B. Consequently, whether the air bub- 
ble 63 is expelled together with the flowing adhesive is 
determined by the magnitude of the resulting force R+f- 5 
F acting in the centrifugal direction, or the magnitude of 
the frictional force R due to the viscosity. In the example 
of Figs. 13A and 13B, the bubble 63 having a large pro- 
jected area A1 with respect to the flow receives a large 
friction force R due to the viscosity of the liquid adhe- io 
sive. The resulting strong force in the radial outward 
direction acts to expel the large bubble 63 from the 
adhesive layer 62. 

[001 7] The small bubble 65 shown in Fig. 1 4 receives 
a force F*-f due to the centrifugal force, and a force R' is 
due to the viscosity of the adhesive, like the large bubble 
63. In the case of the small bubble 65, however, a small 
projected area A2 relative to the flow reduces the fric- 
tional force R', and the resulting force acting to expel the 
small bubble 65 is weak and insufficient for the removal 20 
of the bubble. 

[001 8] The present invention offers methods and sys- 
tems for effectively excluding bubbles. 
[0019] According to the present invention, a disk 
bonding method or system for forming bonded disks by 25 
bonding disks together with adhesive comprises the fol- 
lowing elements. 

[0020] A first element is designed to form a first adhe- 
sive layer on a joint surface of a first disk by supplying 
the adhesive. The first adhesive layer is an annular 30 
adhesive layer. 

[0021 ] A second element is designed to form a second 
adhesive layer on a joint surface of a second disk. The 
second adhesive layer is a dotted adhesive layer in a 
form of a plurality of dots arranged in a ring. 35 
[0022] A third element is designed to overlap the first 
and second disks by decreasing a spacing between the 
first and second disks in a confronting state in which the 
joint surfaces of the first and second disks confront each 
other, and by bringing the first and second adhesive lay- 40 
ers into contact with each other. 
[0023] According to another aspect of the invention, a 
disk bonding system for forming multi-layer disks by 
bonding constituent disks together, comprises: 

45 

a first adhesive supplying section which forms an 
annular adhesive layer on a joint surface of a first 
constituent disk around a center of the first disk; 
a second adhesive supplying section which forms a 
dotted adhesive layer on a joint surface of a second so 
constituent disk around a center of the second disk, 
the dotted adhesive layer comprising a plurality of 
dot-shaped adhesive regions arranged in an imagi- 
nary circular plane curve encircling the center of the 
second disk; and 55 
an overlapping section which sets the first and sec- 
ond disks in an overlapped state in which the annu- 
lar adhesive layer and the dotted adhesive layer are 



in contact with each other between the first and 
second disks. 

BRIEF DESCRIPTION OF T HE DRAWINGS 
[0024] 

Fig. 1 is a schematic view showing a disk fabricat- 
ing system according to one embodiment of the 
present invention. 

Fig. 2 is a schematic view showing the structure of 
a disk transfer mechanism 4 shown in Fig. 1 . 
Fig. 3 is a schematic perspective view showing an 
upward adhesive discharge mechanism N2 having 
a multi-point nozzle section 19 in the system of Fig. 
1. 

Fig. 4 is a schematic sectional view showing the 
upward adhesive discharge mechanism N2 of Fig. 
3. 

Figs. 5A ~ 5D are schematic views for showing a 
sequence of operations in a step for forming a dot- 
ted adhesive layer on a downwardly facing disk sur- 
face with the discharge mechanism N2 shown in 
Figs. 3 and 4. 

Figs. 6A ~ 6D are schematic views for showing a 
sequence of operation in a step for sandwiching 
adhesive layers between upper and lower disks in 
the system of Fig. 1. 

Fig. 7 is a schematic sectional view illustrating con- 
tact between a dot-shaped adhesive region 33a 
and an annular adhesive layer 35 in the system of 
Fig. 1. 

Fig. 8 is a schematic plan view illustrating the con- 
tact between the dot-shaped adhesive region 33a 
and the annular adhesive layer shown in Fig. 7. 
Figs. 9A ~ 9E are schematic views for showing a 
sequence of stages in a step of spreading contact 
regions 36a between annular and dotted adhesive 
layers in the system of Fig. 1 . 
Figs. 10A and 10B are views illustrating a process 
of formation of bubbles in a comparable example of 
related art. 

Fig. 1 1 is a view showing a disk bonding system of 
the comparable example. 

Fig. 12 is a view for illustrating a disk overlapping 

step in the comparable example. 

Figs. 13A and 13B are views for illustrating forces 

acting on a large air bubble in an adhesive layer 

during a spin coating operation. 

Fig. 14 is a view for illustrating forces acting on a 

small air bubble in an adhesive layer during a spin 

coating operation. 

Fig. 15 is a schematic view showing a disk transfer 
mechanism of another design which can be used in 
the system of Fig. 1. 

Figs. 16A - 16D are views showing a sequence of 
stages in a disk overlapping step with the disk 
transfer mechanism of Fig. 15. 
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Fig. 1 7 is a block diagram showing an air supplying 
section and a control section employed in the 
example of Fig. 15. 

DETAILED DESCRIPTION OF THE INVENTION 5 

[0025] Fig. 1 shows a disk fabricating system or appa- 
ratus 1 according to one embodiment of the present 
invention. This system is an optical disk fabricating sys- 
tem. The disk fabricating system 1 comprises the follow- io 
ing components. 

[0026] A slider 2 is an apparatus for conveying single- 
layer disks one by one at a constant pitch. Upper (or 
upper side) single-layer disks DU are placed one after 
another at a position P1 on the slider 2 by a disk supply- 15 
ing apparatus (not shown in Fig. 1). At the position P1, 
each upper disk DU is placed in a state in which a joint 
surface (or adhesion surface) faces downwards. There- 
after, each upper disk DU is delivered by the slider 2 
through a point P2 to a point P3. so 
[0027] A slider 3 is also an apparatus for conveying 
single-layer disks one by one at a constant pitch. Lower 
(or lower side) single-layer disks DL are placed one by 
one at a position P4 on the slider 3 by a disk supplying 
apparatus (not shown in Fig. 1). At the position P4, each 25 
lower disk DL is placed in a state in which a joint surface 
(or adhesion surface) faces upwards. Thereafter, each 
lower disk DL is delivered by the slider 3 through a point 
P5 to a point P6. 

[0028] A first adhesive supplying nozzle unit N1 sup- 30 
plies adhesive on the joint surface of each lower disk DL 
at the position P5. The nozzle unit N1 of this example 
comprises a rotary nozzle for supplying the adhesive 
onto a lower disk DL while rotating. When a lower disk 
Dl is held stationary at the position P5, the rotary nozzle 35 
rotates and simultaneously supplies the adhesive onto 
the lower disk DL at the position P5 to form an annular 
layer of the adhesive on the lower disk DL 
[0029] A transfer mechanism 4 brings an upper disk 
DU at the position P3 and a lower disk DL at the position 40 
P6 into an overlapped state and transfers the lower and 
upper disks DL and DU in the overlapped state to a spin 
coating section. In this example, the spin coating sec- 
tion comprises a first spinner 5 located at a position P7 
and a second spinner 6 at a position P8. For example, a 45 
series of pairs of the lower and upper disks DL and DU 
in the overlapped state are transferred alternately to the 
first and second spinners 5 and 6 by the transfer mech- 
anism 4. 

[0030] The transfer mechanism 4 comprises a disk so 
holding section 7 as shown in Fig. 2. The disk holding 
section 7 comprises a vacuum sucking device 8 for 
holding an upper disk DU with vacuum suction, a chuck- 
ing device 9 for gripping a center hole of a lower disk 
DL, and an air cylinder unit 10 for driving the chucking ss 
device 9. The chucking device 9 of this example has 
three claws projecting downwards. However, for the pur- 
pose of simplification. Fig. 2 shows as if there were only 



two of the claws. 

[0031] Reverting to Fig. 1. the transfer mechanism 4 
first picks up an upper disk DU with the vacuum sucking 
device 8 at the position P3, then transfers the upper disk 
DU to the position P6, grips a lower disk DL at the posi- 
tion P6 with the chucking device 9, and transfers the 
lower and upper disks DL and DU to the spinner 5 or 6. 
[0032] A second adhesive supplying unit N2 is pro- 
vided at the position P3. In this example, the second 
adhesive supplying unit N2 is in the form of an upward 
adhesive discharging mechanism designed to form a 
liquid adhesive layer on a downward facing joint surface 
of an upper disk DU. The liquid adhesive layer formed 
on the downward facing joint surface by the upward 
adhesive discharging mechanism N2 is a dotted layer in 
the form of a plurality of dots arranged in an imaginary 
circular curve. The dotted adhesive layer formed on an 
upper disk DU and the annular adhesive layer formed 
on a lower disk DL are sandwiched between the upper 
and lower disks DU and DL and formed into an interven- 
ing liquid adhesive layer 12, by the transfer mechanism 
4. 

[0033] Each spinner 5 or 6 spreads the intervening liq- 
uid adhesive layer 12 sandwiched between the overly- 
ing upper disk DU and the underlying lower disk DL to a 
predetermined wider region by spinning the disks DU 
and DL in the overlapped state. By this spin coating 
operation, a pair of upper and lower disks DU and DL is 
formed into a contact dual (or laminated) disk DD. 
[0034] A disk conveying arm mechanism 13 conveys 
contact dual disks DD one by one from the spinners 5 
and 6 to a position P9. From the position P9, a disk con- 
veying arm mechanism 14 conveys each contact dual 
disk DD to a position P10. 

[0035] A turntable 15 conveys each contact disk DD 
from the position P10 on the turntable 15 through a 
position P1 1 to a position P12. 
[0036] An ultraviolet irradiating unit 1 6 provided at the 
position P11 cures, and makes hard, the intervening 
adhesive layer 12 in each contact dual disk DD by ultra- 
violet radiation. By this curing operation, the contact 
dual disk DD is formed into a complete bonded disk DB. 
The turntable 15 is covered by a shading cover 17 for 
preventing escape of ultraviolet radiation. 
[0037] The bonded disks DB are unloaded at the posi- 
tion P12 by an unloading unit (not shown in Fig. 1). 
[0038] Figs. 3 and 4 show the upward adhesive dis- 
charging mechanism of the second adhesive supplying 
unit N2. The upward discharge mechanism N2 com- 
prises a stage section 18 for supporting an upper disk 
DU, a multiple-point nozzle section 19 (nozzle system or 
adhesive discharging system) for discharging the adhe- 
sive, a liquid recovery section 20 for recovering a sur- 
plus of the adhesive, and a drive mechanism (not shown 
in Figs. 3 and 4) for moving the discharge mechanism 
N2 up and down. 

[0039] The stage section 1 8 comprises a base seat 21 
and an upright center hub 23 formed with notches 22 for 
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receiving the daws of the chucking device 9. An upper 
disk DU can rest snugly on the base seat 21 with the 
projecting hub 23 inserted fittingly into the center hole of 
the upper disk DU. The base seat 21 may be formed 
with at least one suction hole for vacuum-sucking an 5 
upper disk DU. 

[0040] The multiple-point nozzle section 1 9 comprises 
a liquid adhesive supplying pipe 24, a joint 25, a liquid 
adhesive supply passage 26 and a plurality of nozzle 
members 27. In the illustrated example, there are six- u 
teen of the nozzle members 27 arranged regularly in a 
circle around the center hub 23. Each nozzle member 
27 of this example extends vertically and has a dis- 
charge hole at the upper end. The diameter of the circle 
in which the nozzle members 27 are arranged is slightly is 
greater than the outside diameter of the annular layer 
formed by the first adhesive supplying nozzle unit N1 on 
a lower disk DL. Thus, the nozzle members 27 are 
located outside the annular region of the adhesive on 
the lower disk DL. The supply pipe 24 is connected 20 
through a valve (not shown) to a pressure tank (not 
shown). 

[0041] The liqud adhesive recovery section 20 com- 
prises a cylindrical wall 28. a recovery groove 29, a 
recovery passage 30. a joint 31 and a recovery pipe 32 25 
leading to a recovery tank (not shown). 
[0042] Figs 5A - 5D are views for illustrating a 
sequence of operations of the upward adhesive dis- 
charging mechanism N2. The operations are performed 
in the order of Figs. 5A, 5B 5C and 5D. 30 
[0043] Fig 5A shows a state in which an upper disk 
DU is placed on the base seat 21 of the upward dis- 
charging mechanism N2. From this state, the upward 
discharging mechanism N2 moves upwards toward the 
holding section 7 of the transfer mechanism 4 until the 35 
upward discharging mechanism N2 reaches an upper- 
most position as shown in Fig. 5B. In the state shown in 
Fig. 5B, the transfer mechanism 4 sucks the upper disk 
DU by the action of vacuum. Then, the valve (not 
shown) is opened and the multiple-point nozzle section 40 
19 starts ejecting the liquid adhesive as shown in Fig. 
SC. After the elapse of a preset time duration, the noz- 
zle section 19 terminates the ejection of the adhesive. 
Thereafter, the discharging mechanism N2 moves 
downwards as shown in Fig. 5D. During this, an excess 45 
of the adhesive falls by being drawn downwards 
together with the descending nozzle members 27. As a 
result, there is formed on the downwardly facing surface 
of the upper disk DU a liquid adhesive layer or film 33 
having an approximately constant volume. The quantity so 
of the liquid adhesive layer 33 is determined by the vis- 
cosity and surface tension of the liquid adhesive, the 
distance between an upper disk DU and the nozzle 
members 27 and the discharge pressure. In this exam- 
ple, the viscosity of the adhesive is in a range from ss 
about 200 centipoise to about 1000 centqpoise. In this 
case, a preferable range of the distance between an 
upper disk DU and the nozzle members 27 is from 0.5 



mm to 2 mm. 

[0044] Figs. 6A ~ 6D show a sequence of operations 
of an up-and<iown stage 34 provided at the position P6. 
An upper disk DU and a lower disk DL are overlapped 
by the operations in the order of Figs. 6A, 6B, 6C and 

6D. 

[0045] Fig. 6A shows a state in which a lower disk DL 
is placed on the up-and-down stage 34. The lower disk 
DL has an annular liquid adhesive layer or film 35 
> formed on the upwardly facing surface of the lower disk 
DL. The transfer mechanism 4 stands by, holding an 
upper disk DU with the holding section 7 just above the 
up-and-down stage 34. The upper disk DU has a liquid 
adhesive layer or film 33 formed on the downwardly fac- 
ing surface of the upper disk DU. 
[0046] From the state of Fig. 6A, the up-and-down 
stage 34 moves upwards, and the adhesive layers 33 
and 35 are brought into contact with each other as 
shown in Fig. 6B. The adhesive layers 33 and 35 first 
touch each other at a position spaced from the circular 
center line of the annular adhesive layer 35, spaced 
from the circular center line of the adhesive layer "33, 
and located radially between both center lines. 
[0047] Fig. 6C shows a state in which the up-and- 
down stage 34 reaches an uppermost position. In this 
state, the chucking device 9 of the transfer mechanism 
4 grips the lower disk DL by expanding the claws radi- 
ally. Thereafter, the up-and-down stage 34 moves 
downwards as shown in Fig. 6D. 
[0048] Figs. 7 and 8 show the liquid adhesive layers 
33 and 35 at the instant of contact as viewed from hori- 
zontal and vertical directions. The adhesive layer 33 
formed by the multiple-point nozzle section 19 of the 
upward discharge mechanism N2 is in the form of a plu- 
rality of dots arranged in a circle at regular intervals 
around the center of the upper disk DU. The adhesive 
layer 33 is a dotted adhesive layer consisting of a plural- 
ity of dot-shaped adhesive regions (or dot regions) 33a. 
Each dot-shaped region 33a is an isolated mass of the 
adhesive resembling an island. The adhesive layer 35 
on the lower disk DL is in the form of a continuous annu- 
lar streak around the center of the lower disk DL. As 
shown in Fig. 8, each dot region 33a is a small circular 
region, and the annular layer 35 is a stripe region 
extending around the center. In this example, the center 
of each dot region 33a is outside the circular outside 
periphery of the annular layer 35. As shown in Fig. 7 ( 
the dot region 33a has a hemispherical convex surface 
bulging downwards toward the lower disk DL. and the 
annular layer 35 has a convex surface bulging upwards 
toward the upper disk DU. Accordingly, each dot region 
33a comes into contact with the annular layer 35 at a 
contact region 36a which is initially in the form of a point. 
[0049] Figs. 9A ~ 9E illustrate how contact regions 
36a expand. 

[0050] Fig. 9A shows the contact regions 36a at the 
instant of contact. The dot regions 33a are regularly 
arranged in an imaginary circle concentric with the 
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annular layer 35. The contact regions 36a are arranged 
along the outside circular boundary of the annular layer 
35. In the example shown in Fig. 9A, the radial distance 
of the center of each dot region 33a from the common 
center axis of the upper and lower disks DU and DL is 5 
slightly greater than the radius of the circular outside 
periphery of the annular layer 35. 
[0051] In a next stage as shown in Fig. 9B, each iso- 
lated contact region 36a expands circumferentially 
along the outside periphery of the annular layer 35. In a 10 
stage of Fig. 9C, the individual contact regions 36a are 
connected together into a continuous annular contact 
region 36 like a string of beads. In this stage, each con- 
tact region 36a extends along the outside periphery of 
the annular layer 35, and each contact region 36a is 15 
narrow in width. Accordingly, two adjacent contact 
regions 36a touch each other with their projecting ends 
in such a manner as to exclude air and prevent bubbles. 
[0052] Then, the continuous annular contact region 36 
expands radially as shown in Fig. 9D. The contact 20 
region 36 spreads faster in the radial inward direction 
because there extends the annular adhesive layer 35 on 
the inner side and the wettability is good between the 
liquid adhesive regions. On the radial outer side, the 
wettability between the liquid adhesive and the disk sur- 25 
face is poor, and the contact region 36 spreads slower in 
the radial outward direction. This difference between the 
inner and outer sides helps attain a proper balance 
between the times for the contact region 36 to reach the 
inner and outer boundaries, and causes the adhesive 30 
layer to spread in a proper radial range. Fig. 9E shows a 
state in which the contact region 36 expands over the 
entirety. From the stage of Fig. 9C to the stage of Fig. 
9E. the contact region 36 expands in a manner to 
exclude the air, so that no bubbles are involved in the 35 
adhesive layer. 

[0053] Single-layer disks stored for a long time after 
the fabrication tend to be low in the wettability of disk 
surfaces. In such a case, the contact region 36 may lag, 
within a restricted area, in spreading radially outwards. 40 
and cause the air to be confined and form bubbles. 
However, bubbles are generally formed on the radial 
outer side in the disk bonding system according to the 
embodiment, so that bubbles can be readily dispelled 
outwards by the subsequent spin coating operation. 45 
[0054] In a comparable example shown in Figs. 10A 
and 10B. contact regions 37 are wide and liable to 
cause a bubble, unlike the process shown in Figs. 9A ~ 
9E according to the present invention. The wide contact 
regions 37 as shown in Fig. 10A of the comparable so 
example tend to have a projecting end 38 which is out of 
alignment with an adjacent projecting end 38. or to have 
two or more projections. Therefore, the adjacent ends 
38 are liable to confine air and cause bubbles 39 by 
forming an overlapping, covering or enclosing shape, ss 
The process shown in Figs. 9A - 9E according to the 
present invention forms a sharp contrast to the process 
of the comparative example shown in Figs. 10A and 



10B. 

[0055] Fig. 15 shows a variation of the disk transfer 
mechanism 4 in the disk bonding system shown in Fig. 
1 . Fig. 15 shows the disk transfer mechanism 4 and the 
up-and-down stage 34 in a state immediately before the 
state shown in Fig. 6B. At the instant shown in Fig. 15, 
an annular adhesive layer 35 on a lower disk DL and a 
dotted adhesive layer 33 on an upper disk DU are just 
about to contact with each other. 
[0056] In the practical example shown in Fig. 15, a 
disk holding section 70 of the disk transfer mechanism 4 
comprises a vacuum sucking device 80 which is differ- 
ent from the vacuum sucking device 8 of the disk hold- 
ing section 7 shown in Fig. 2. The vacuum sucking 
device 80 is formed with an air passage 72 for introduc- 
ing air stream. An air supplying pipe and a pipe joint are 
connected to the inlet end of the air passage 72. The air 
passage 72 opens into a center bore 73 opening down- 
wards to allow the chucking device 9 to extend down- 
wards. 

[0057] Like the stage section 18 of the upward adhe- 
sive discharge mechanism N2, the up-and-down stage 
34 has an upwardly projecting center hub 74 formed 
with notches 75 for receiving the claws of the chucking 
device 9 of the transfer mechanism 4. These claws of 
the chucking device 9 project downwards to grip a lower 
disk DL resting on the up-and-down stage 34. The 
center hub 74 formed with the notches 75 functions in 
the same manner as the upright center hub 23 with the 
notches 22. The up-and-down stage 34 moves upwards 
to raise a lower disk DL until the center hub 23 fits into 
the center bore 73 of the disk holding section 70 of the 
transfer mechanism 4, and the claws of the chucking 
device 9 enter the notches 75 of the center hub 23. In 
the state of Fig. 15, the upright center hub 74 of the up- 
and-down stage 34 fits into the center holes of lower 
and upper disks DL and DU from below, and the claws 
of the chucking device 9 enter the center holes of the 
upper and lower disks DU and DL from above through 
the notches 75 of the center hub 74. 
[0058] In the state of Fig. 15. the up-and-down stage 
34 is about to reach the uppermost position to hand 
over a lower disk DL to the transfer mechanism 4, the 
lower disk DL gripped by the up-and-down stage 34 with 
the aid of vacuum suction is very close to the upper disk 
DU gripped by the disk holding section 70, and the 
annular adhesive layer 35 is just about to touch the dot- 
ted adhesive layer 33. As shown in Fig. 15, the center 
hub 23 fits into the center bore 73 of the disk holding 
section 70, and the claws of the chucking device 9 enter 
the notches 75 of the center hub 23. In this state, the air 
passage 72. the upright center bore 73 and the notches 
75 are connected together. The notches 75 open radi- 
ally outwardly into the interspace between the upper 
and lower disks DU and DL. Therefore, air streams are 
produced as shown by arrows of broken lines when air 
is supplied from a supply unit (not shown) into the air 
passage 72. In the interspace between the upper and 
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lower disks DU and DL, the air streams flow radially out- 
wardly from the center. In practice, the supply of air is 
started in the middle of the upward movement of the up- 
and-down stage 34 when the upper and lower disks are 
still spaced apart, and the supply of air is terminated at 5 
an instant immediately before the adhesive layers 33 
and 35 contact with each other. The air streams are not 
influential when the upper and lower disks are wide 
apart from each other. Therefore, the timing of starting 
the air supply does not require a highly accurate control 10 
whereas the control of the timing of terminating the sup- 
ply of air requires care. 

[0059] It is optional to perform these operations in the 
state in which a lower disk DL is merely placed on the 
up-and-down stage 34 without the help of vacuum sue- is 
tion. The omission of vacuum suction in the up-and- 
down stage 34 is effective especially when a single- 
layer disk has such a deformity that the vacuum suction 
cannot correct a local warp in the joint surface. In the 
stage of Fig. 9B, the up-and-down stage 34 allows a 20 
lower disk DL to be raised slightly by the surface tension 
of the liquid adhesive, and thereby allows the contact 
regions 36a to spread without being hindered by the 
warp of the joint surface, and without causing bubbles. 
[0060] Figs. 1 6A - 1 6D illustrate operations of the disk 25 
transfer mechanism 4 shown in Fig. 15. As the up-and- 
down stage 34 moves upwards, adhesive layers 33 and 
35 alter their shapes in the order of Figs. 16A, 16B, 16C 
and 16D. Fig. 16A shows a state in which the up-and- 
down stage 34 starts moving upwards. 30 
[0061] In a state shown in Fig. 16B, the adhesive lay- 
ers 33 and 35 are very close to each other, and air 
streams flow radially outwardly in the interspace 
between the upper and lower disks DU and DL, from the 
central region of the interspace. The adhesive layer 33 35 
is a dotted layer, the adhesive layer 35 is a continuous 
annular layer, and the dotted adhesive layer 33 sur- 
rounds the annular adhesive layer 35. Therefore, the 
radial air stream raises the outside peripheral portion of 
the annular layer 35, pushes the raised portion radially 40 
outwardly and forces the raised portion to contact with 
the dotted layer 33. By the action of the radial air 
stream, the adhesive layers 33 and 35 come into con- 
tact with each other in the state in which the spacing 
between the upper and lower disks DU and DL is still 45 
wider than in the example of Fig. 7. 
[0062] In the state of Fig. 16C. the up-and-down stage 
34 is at a higher level, and the air streams are already 
shut off. The stage of Fig. 16C corresponds to the stage 
of Fig. 9C. The contact region expands racOally inwardly, so 
In the stage of Fig. 16D. the up-and-down stage 34 
reaches an uppermost position. 
[0063] In the example of Fig. 15. the overlapping 
mechanism of the transfer mechanism 4 and the up- 
and-down stage 34 can bring the adhesive layers 33 ss 
and 35 into contact with each other in the state where 
the spacing between the upper and lower disks is still J 
wide. Therefore, the overlapping mechanism of Fig. 15 



ensures the contact between the adhesive layers before 
the contact between the adhesive and a disk surface, 
and thereby prevent bubbles even if single-layer disks 
have deformities and dot regions 33a are irregular in 

size. 

[0064] As shown in Fig. 17, an air supplying section 
101 is a section for producing the radial air streams 
between upper and lower disks DU and DL, and a con- 
trol section 102 is a section for shutting off the radial air 
streams just before the annular adhesive layer 35 and 
the dotted adhesive layer 33 come into contact with 
each other. The control section 102 may comprise a 
controller for controlling the up-and-down stage 34, the 
transfer mechanism 4 and the other components of the 
disk fabricating system. 

[0065] According to the present invention, the annular 
adhesive layer and the dotted adhesive layer are 
brought into contact with each other substantially in a 
manner of point contact, so that the possibility of bub- 
bles significantly diminishes. Moreover, the contact 
regions between the annular adhesive layer and the 
dotted adhesive layer expand in a manner to exclude 
bubbles. The methods and systems according to the 
present invention facilitate the control of the thickness of 
adhesive layers. 

[0066] Although the invention has been described 
above with reference to the illustrated embodiment of 
the invention, the invention is not limited to the embodi- 
ment described above. Modifications and variations of 
the embodiment will occur to those skilled in the art in 
light of the above teachings. The scope of the invention 
is def ined with reference to the following claims. 

Claims 

1 . A disk bonding method for forming bonded disks by 
bonding disks together with adhesive, the bonding 
method comprising: 

a first adhesive supplying step of forming a first 
adhesive layer on a joint surface of a first disk 
by supplying the adhesive, the first adhesive 
layer being an annular adhesive layer; 
a second adhesive supplying step of forming a 
second adhesive layer on a joint surface of a 
second disk, the second adhesive layer being a 
dotted adhesive layer in a form of a plurality of 
dots arranged in a ring; and 
an overlapping step of overlapping the first and 
second disks by decreasing a spacing between 
the first and second disks in a confronting state 
in which the joint surfaces of the first and sec- 
ond disks confront each other, and bringing the 
first and second adhesive layers into contact 
with each other. 

!. The disk bonding method as claimed in Claim 1 
wherein the disk bonding method is an optical disk 
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bonding method for fabricating optical disks by bod- 
ing two single-layer disks together into a bonded 
multi-layer disk, the first disk is a lower disk, the 
second disk is an upper disk, the first adhesive sup- 
plying step comprises an operation of discharging 
the adhesive in an annular form onto the joint sur- 
face of the first disk held in a state in which the joint 
surface of the first disk faces upwards, and the sec- 
ond adhesive layer formed by the second adhesive 
supplying step is in the form of a plurality of dots 
arranged in an imaginary circle. 

3. The disk bonding method as claimed in Claim 1 
wherein the disk bonding method further comprises 
a spin coating step of spinning the first and second 
disks to spread the adhesive between the first and 
second disks which are set by the overlapping step 
in an overlapped state. 

4. The disk bonding method as claimed in Claim 1 
wherein the second adhesive layer formed by the 
second adhesive supplying step comprises a plu- 
rality of dot-shaped adhesive regions which are 
greater than four in number, and which are 
arranged at regular intervals in an imaginary circle. 

5. The disk bonding method as claimed in Claim 1 
wherein the second adhesive layer is formed at a 
second radial position on the second disk while the 
first adhesive layer is formed at a first radial position 
on the first disk, and a radial distance of the second 
radial position of the second adhesive layer from a 
center of the second disk is greater than a radial 
distance of the first radial position of the first adhe- 
sive layer from a center of the first disk. 

6. The disk bonding method as claimed in Claim 1 
wherein the second adhesive layer formed by the 
second adhesive supplying step comprises a plu- 
rality of dot-shaped adhesive regions which are 
arranged regularly in a circle, and an interval 
between adjacent two of the dot-shaped adhesive 
regions is shorter than 30 mm. 

7. The disk bonding method as claimed in Claim 1 
wherein the Second adhesive supplying step com- 
prises an operation for discharging the adhesive 
upwards from a lower position below the second 
disk to form the dotted adhesive layer. 

8- The disk bonding method as claimed in Claim 7 
wherein, in the second adhesive supplying step, a 
distance between a nozzle for discharging the 
adhesive from the lower position and the joint sur- 
face of the second disk is in a range from 0.5 mm to 
2 mm. 

9. The disk bonding method as claimed in Claim 1 



wherein the overlapping step comprises an opera- 
tion for producing a radial air stream between the 
first and second disks during an operation of 
decreasing the spacing between the first and sec- 
5 ond disks in the confronting stale, the radial air 

stream being a stream flowing radially outwardly 
from a central zone of the first and second disks. 

10. The disk bonding method as claimed in Claim 9 
70 wherein the operation of producing the radial air 
stream is stopped immediately before the first and 
second adhesive layers come into contact with 
each other. 

75 11 . A disk bonding system for forming bonded disks by 
bonding disks together with adhesive, the bonding 
system comprising: 

a first adhesive supplying section for forming a 

so first adhesive layer on a joint surface of a first 

disk by supplying the adhesive, the first adhe- 
sive layer being an annular adhesive layer; 
a second adhesive supplying section for form- 
ing a second adhesive layer on a joint surface 

25 of a second disk by supplying the adhesive, the 

second adhesive layer being a dotted adhesive 
layer that is in a form of a plurality of dots 
arranged in a ring; and 
an overlapping section tor overlapping the first 

30 and second disks by decreasing a spacing 

between the first and second disks in a con- 
fronting state in which the joint surfaces of the 
first and second disks confront each other, and 
bringing the first and second adhesive layers 

35 into contact with each other. 

12. The disk bonding system as claimed in Claim 11 
wherein the disk bonding system is an optical disk 
bonding system for fabricating optical disks by bod- 

40 ing two single-layer disks together into a single 
bonded multi-layer disk, the first disk is a lower disk, 
the second disk is an: upper disk, the first adhesive 
supplying unit comprises a nozzle member for dis- 
charging the adhesive in an annular form onto the 

45 joint surface of the first disk held in a state in which 
the joint surface of the first disk faces upwards, and 
the second adhesive supplying section comprises a 
nozzle member for forming the second adhesive 
layer in the form of a plurality of dots arranged in an 

so imaginary circle. 

13. The disk bonding system as claimed in Claim 11 
wherein the disk bonding system further comprises 
a spin coating section for spinning the first and sec- 

55 ond disks to spread the adhesive between the first 
and second disks set in an overlapped state by the 
overlapping section. 
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14. The disk bonding system as claimed in Claim 11 
wherein the second adhesive supplying section 
comprises an adhesive discharging system forming 
the second adhesive layer which comprises a plu- 
rality of dot-shaped adhesive regions which are iso- 
lated from each other, which are greater than four in 
number, and which are arranged at regular intervals 
in an imaginary circle. 



15. 



The disk bonding system as claimed in Claim 1 1 
wherein, in the confronting state, the second adhe- 
sive layer is located outside the first adhesive layer. 



16. The disk bonding system as claimed in Claim 11 
wherein the second adhesive supplying section 
comprises a nozzle system which forms a plurality 
of dot-shaped adhesive regions arranged regularly 
in a circle. 

17. The disk bonding system as claimed in Claim 11 
wherein the second adhesive supplying section 
comprises an adhesive discharging system for dis- 
charging the adhesive upwards from a lower posi- 
tion below the second disk to form the second 
adhesive layer. 

18. The disk : onding system as claimed in Claim 17 
wherein ;ne adhesive discharging system of the 
second adhesive supplying section comprises at 
least one nozzle aimed upwards, and spaced verti- 
cally from the joint surface of the second disk at a 
vertical distance in a range from 0.5 mm to 2 mm 
during an operation of discharging the adhesive 
toward the joint surface of the second disk. 

19. The disk bonding system as claimed in Claim 11 
wherein the overlapping section comprises a 
means for producing a radial air stream flowing 
radially from a central zone of an interspace 
between the first and second disks while the spac- 
ing between the first and second disks is decreased 
in the confronting state. 

20. The disk bonding system as daimed in Claim 19 
wherein the disk bonding system comprises a con- 
trol means for stopping the radial air stream just 
before the first and second adhesive layers come 
into contact with each other. 

21. A disk bonding system for forming multi-layer disks 
by bonding constituent disks together, the bonding 
system comprising: 

a first adhesive supplying section which forms 
an annular adhesive layer on a joint surface of 
a first constituent disk around a center of the 
first disk; 

a second adhesive supplying section which 
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forms a dotted adhesive layer on a joint surface 
of a second constituent disk around a center of 
the second disk, the dotted adhesive layer 
comprising a plurality of dot-shaped adhesive 
regions arranged in an imaginary circular plane 
curve encircling the center of the second disk; 
and 

an overlapping section which sets the first and 
second disks in an overlapped state in which 
the annular adhesive layer and the dotted 
adhesive layer are in contact with each other 
between the first and second disks. 

22. The disk bonding system as claimed in Claim 21 
wherein the second adhesive supplying section 
comprises a nozzle system which forms the dot- 
shaped adhesive regions which are isolated from 
one another. 

23. The disk bonding system as claimed in Claim 22 
wherein the nozzle system comprises at least one 
nozzle aimed upwards. 

24. The disk bonding system as claimed in Claim 21 
wherein the second adhesive supplying section 
comprises a plurality of nozzles aimed vertically 
and arranged in a circle on an imaginary horizontal 
plane. 



30 25. The disk bonding system as claimed in Claim 21 
wherein the first and second adhesive supplying 
sections are located at two separate positions, and 
the overlapping section comprises a disk transfer 
mechanism which transfers at least one of the first 

35 and second disks between the two separate posi- 
tions. 

26. The disk bonding system as claimed in Claim 25 
wherein the disk bonding system further comprises 

40 a spreading section which receives the first and 
second disks in the overlapped state from the over- 
lapping section and spreads an adhesive layer 
between the first and second disks, and the disk 
transfer mechanism comprises a disk holding sec- 

45 tion which transfers the first and second disks in the 
overlapped state to the spreading section. 

27. The disk bonding system as claimed in Claim 25 
wherein the disk transfer mechanism comprises a 

so second disk gripping device which grips the second 
disk with the joint surface of the second disk facing 
downwards and a first disk gripping device which 
grips the first disk just below the second disk. 

55 28. The disk bonding system as claimed in Claim 25 
wherein the overlapping section further comprises 
a stage which supports the first disk with the joint 
surface of the first disk facing upwards and the disk 
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transfer mechanism comprises a disk holding sec- 
tion which holds the second disk with the joint sur- 
face of the second disk facing downwards just 
above the first disk, and the overlapping section 
moves the first disk supported by the stage and the 5 
second disk held by the disk holding section toward 
each other by moving at least one of the stage and 
the disk holding section vertically and thereby 
brings the first and second disks in the overlapped 
state. 10 

29. The disk bonding system as claimed in Claim 21 
wherein the annular adhesive layer comprises a 
substantially circular outside periphery, each of the 
dot-shaped adhesive regions has a center, the 15 
centers of the dot-shaped adhesive regions are 
arranged in an imaginary circle which is greater in 
cfcameter than the circular outside periphery of the 
annular adhesive layer. 
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